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MEMORY INTEGRATED CIRCUIT WITH A 
PAGE REGISTERASTATUS MEMORY 

CAPABLE OF STORING ONLY ASUBSET OF 
ROW BLOCKS OF MAN COLUMN BLOCKS 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/775,734 filed 11 Mar. 2013, which is 

10 incorporated herein by reference. 

BACKGROUND 

Redundant columns in a memory array improve the manu 
facturing yield of a memory integrated circuit. Defects in the 
memory array are repaired by, for example, Swapping out a 
typical column in the memory array which has a defect, and 
Swapping in a redundant column as a replacement for the 
defective column, by appropriate processing of column 20 
addresses. 

Defects in a memory array may not be isolated to within a 
same column of the memory array. One approach to the 
problem of defects that occur in different columns of the 
memory array is to include more redundant columns. In this 25 
fashion, even defects that occur in different columns of the 
memory array can be addressed, by Swapping out each of the 
defective columns and Swapping in a redundant column. 
Unfortunately, this is an expensive solution because adding 
additional redundant columns consumes area. 30 

Another approach to the problem of defects that occur in 
different columns of the memory array, is to divide the col 
umns of the memory array into multiple segments, or row 
blocks. Defects which occur in different columns of the 
memory array may be replaced by the same redundant col- 35 
umn, so long as the defects also occur in different row blocks 
of the columns. One example implementation is described in 
U.S. application Ser. No. 12/893,235. 

Although the division of columns into multiple row blocks 
increases the area efficiency of redundant columns that repair 40 
defects, the multiple row blocks complicate the process of 
Verifying a memory operation Such as program or erase. If a 
row block of a column in the memory array has been replaced 
with a row block of a redundant column, then it does not make 
sense to verify the replaced row block. Accordingly, memory 45 
for each column of the status memory indicates whether or 
not to include particular memory columns in the verify pro 
cess. Such status memory increases with the granularity of the 
division of columns into multiple row blocks. 

It would be desirable to take advantage of the increased 50 
area efficiency of redundant columns which results from a 
defect repair system that divides memory columns and redun 
dant columns into multiple segments or multiple row blocks, 
while mitigating the area penalty from the need to store larger 
volumes of repair status information for the verify process. 55 

15 

SUMMARY 

One aspect of the technology is an integrated circuit includ 
ing an array of memory cells which is arranged into rows and 60 
main columns, and a set of redundant columns that perform 
repairs in the array. 
The main columns and the set of redundant columns are 

divided into row blocks. One or more of a particular one of the 
row blocks in one of the main columns is repairable by the 65 
particular one of the row blocks in one of the set of redundant 
columns. 

2 
The integrated circuit also includes status memory and 

control circuitry. Bit lines couple the main columns of the 
array to status memory indicating repair statuses of the 
repairs by the set of redundant columns. The control circuitry, 
responsive to the integrated circuit receiving a command, 
performs an update on the status memory with the repair 
statuses of only a subset of the row blocks of the plurality of 
main columns. 

Accordingly, the update includes repair statuses of fewer 
than all of the row blocks of the plurality of main columns. In 
Some embodiments of the technology, the repair statuses in 
the update exclude particular ones of the row blocks outside a 
portion of the memory accessed by the command. In Such 
embodiments, the command determines the scope of the 
update. 

In Some embodiments of the technology, the repair statuses 
identify repaired main columns in the main columns that 
include the repairs in a portion of the memory accessed by the 
command. The repaired main columns include row blocks 
that have been replaced by row blocks of redundant columns. 
In some embodiments of the technology, the control circuitry 
is responsive to the repair statuses by excluding the repaired 
main columns from a result of a memory verify procedure for 
the command. The memory verify procedure thus excludes 
main columns with repairs, such as when the accessed row 
block of the command includes repairs that have been 
repaired with a row block of a redundant column. 

In some embodiments of the technology, the control cir 
cuitry performs the update at least partly during a setup time 
of a memory operation Voltage that exceeds a Supply Voltage 
range of the memory. Such timing mitigates memory latency 
resulting from the update. 

Another aspect of the technology is also an integrated 
circuit including an array of memory cells which is arranged 
into rows and main columns, and a set of redundant columns 
that repair the array. Bitlines couple the main columns of the 
array to status memory indicating repair statuses of the main 
columns. The status memory has insufficient size to store the 
repair statuses of multiple ones of the row blocks of the main 
columns. 

In some embodiments of the technology, the row blocks in 
any one of the set of redundant columns repair different main 
columns of the plurality of main columns. In some embodi 
ments of the technology, the status memory does not include 
repair statuses of the row blocks outside a portion of the 
memory accessed by a command received by the integrated 
circuit. 

In Some embodiments of the technology, the repair statuses 
identify repaired main columns in the main columns that 
include the repairs in a portion of the memory accessed by a 
command received by the integrated circuit. 

In Some embodiments of the technology, the repair statuses 
identify repaired main columns in the main columns that 
include the repairs in a portion of the memory accessed by a 
command received by the integrated circuit. The integrated 
circuit further comprises control circuitry responsive to the 
repair statuses by excluding the repaired main columns from 
a result of a memory verify procedure for the command. 
Some embodiments of the technology further comprise 

control circuitry that performs an update on the status 
memory with the repair statuses specific to particular ones of 
the row blocks in a portion of the memory accessed by a 
command received by the integrated circuit. The update is at 
least partly during a setup time of a memory operation Voltage 
that exceeds a Supply Voltage of the integrated circuit. 

Other aspect of the technology are directed to methods 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified diagram of a memory array with 
redundant columns that can repair memory defects in differ 
ent row blocks of the memory array. 

FIG. 2 is a simplified architecture diagram of a memory 
array, Such as in FIG. 1, along with the registers of a page 
buffer, and a redundancy system. 

FIG. 3 is a simplified architecture diagram of a memory 
array, such as in FIG. 1, along with the reduced number of 
registers of a page buffer, and a redundancy system. 

FIG. 4 is a simple diagram showing the data structure of a 
register set which can be stored by the redundancy system 
shown in FIG. 2 or 3. 

FIG. 5 is a simple block diagram illustrating how the page 
buffer registers remove repaired main columns from the 
results of a verify procedure. 

FIG. 6 is an example process flow of a memory operation 
with the reduced area of status registers. 

FIG. 7 shows a block diagram of an integrated circuit with 
the reduced area of status registers. 

DETAILED DESCRIPTION 

FIG. 1 is a simplified diagram of a memory array with one 
or more redundant columns that can repair memory defects in 
different row blocks of the memory array. 
The memory array includes main columns 211, 212, 213, 

214, 215, 216, 217, and 218, which each extends through all 
of the row blocks, which include row block 0 130, row block 
1 131, row block 2 132, and row block 3 133. The main 
columns on the extreme sides of each column block are 
shown, with ellipsis showing that main columns fill the inter 
vening space within the column block. The memory array 
also includes redundant columns 111, 112, 113, and 114, 
which each extends through all of the row blocks, which 
include row block 0 130, row block 1 131, row block 2 132, 
and row block 3 133. The redundant columns repair errors in 
the main columns. Data in the redundant columns can also be 
updated, regardless of defects. 

Embodiments of the technology provide a column repair 
method and algorithm having a highly efficient repair rate. 
Each redundant column is divided by N (N=2,3 . . . to a 
maximum of the sector number in the Y-axis direction). The 
repair information is stored in a nonvolatile memory of a 
redundancy system, and during power on downloaded to a 
memory, such as registers (or fuses) of a pager buffer. Hence, 
the repair rate increases by a factor of up to N times, compared 
with a relatively inefficient repair rate associated with replac 
ing an entire main column. 

In FIG. 1, each column block has its own redundant col 
umns 111/112/113/114. Each redundant column is divided by 
N in the Y-axis direction. As shown, N=4, but N can be 
increased up to the sector number in the Y-axis direction. The 
same redundant column fixes defects in up to Ndifferent main 
columns, so long as the defects are in different row blocks. 

FIG. 1 shows row block parts of main columns with defects 
311, 312,313, 314, 315,316, 317, and 318, illustrating that 
the replaceable unit is by row block portion of a main column 
by a row block portion of a redundant column. 

Defects in different main columns and in different row 
blocks are repairable by a same redundant column or different 
redundant columns. Defects in different main columns and in 
a same row block are repairable by different redundant col 

S. 
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4 
FIG. 2 is a simplified architecture diagram of a memory 

array, Such as in FIG. 1, along with the registers of a page 
buffer and a redundancy system. 
The memory array 220 includes several column blocks. 

Each column block BLKO 221, BLK1 222, BLK2223, and 
BLK3 224 has multiple main columns, and two or more 
redundant columns. Various embodiments have a different 
number of column blocks, a various number of columns per 
block, and a different number of redundant columns per col 
umn block. Redundant columns are divided by N (for 
example, N=4 in the figure), where N can be increased up to 
the sector number in the Y-axis direction. Each part of a 
redundant column—where a redundant column is divided 
into multiple parts by the row blocks—can repair a defect in 
a main column in its own corresponding row block. 
The memory array 220 is coupled to a page buffer 240 

which includes multiple registers. The multiple registers store 
the repair statuses which identify repaired main columns in 
the main columns that include the defects in a portion of the 
memory accessed by the memory command, and have been 
replaced by corresponding row blocks of redundant columns. 
The number of registers is sufficiently large to indicate the 
repair status of every row block of every column block. 
The page buffer 240 includes page buffer registers for row 

block 3251 (for blocks 0,1,2,3); page buffer registers for row 
block 2252 (for blocks 0,1,2,3); page buffer registers for row 
block 1 253 (for blocks 0,1,2,3); and page buffer registers for 
row block 0254 (for blocks 0, 1, 2, 3). In prior technology, 
when entire columns were repaired by replacement with 
entire columns, the registers were large enough for a single set 
of column blocks, as there was no division of the columns into 
multiple row blocks. However, the shown embodiment 
increases the capacity of the page buffer registers with the 
number of row blocks in the memory array 220. The page 
buffer registers, or status memories, are coupled to the main 
columns of the memory array via bit lines 260. Each bit line 
is coupled to a corresponding page buffer register. 
The page buffer 240 is coupled to the redundancy system 

register sets 260, which includes nonvolatile register sets for 
row blocks 0-3, blocks 0-3 270. During power on, the con 
tents of the page buffer registers 251-254 are populated 
depending on the contents of the register sets 270. 

In another embodiment, the status registers are outside of 
the page buffer. 

FIG. 3 is a simplified architecture diagram of a memory 
array, such as in FIG. 1, along with the reduced number of 
registers of a page buffer, and a redundancy system. 
The memory array 220 of FIG. 3 is similar to FIG. 2. The 

memory array 220 is coupled to a page buffer 340 which 
includes multiple registers. The multiple registers store the 
repair statuses which identify repaired main columns in the 
main columns that include the defects in a portion of the 
memory accessed by the memory command, and have been 
replaced by corresponding row blocks of redundant columns. 
However, the number of registers is insufficient to indicate the 
repair statuses of every row block of every column block. 
Instead, the number of registers can store the repair status of 
only a subset of the row blocks of every column block. The 
page buffer includes page buffer registers for row block i351 
(for blocks 0,1,2,3), where idepends on the row block which 
is being accessed by the present memory command. In the 
shown embodiment, the number of page buffer registers is 
sufficient to store only one row block of repair statuses for all 
the column blocks. Other embodiments have a number of 
page buffer registers sufficient to store multiple row block of 
repair statuses for all the column blocks, but still insufficient 
to indicate the repair statuses of every row block of every 
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column block. The page buffer registers, or status memories, 
are coupled to the main columns of the memory array via bit 
lines 260. Each bit line is coupled to a corresponding page 
buffer register. 

The page buffer 340 is coupled to the redundancy system 
register sets 360. The redundancy system register sets 360 
include redundancy system register sets for row block 3361 
(for blocks 0,1,2,3); redundancy system register sets for row 
block 2362 (for blocks 0,1,2,3); redundancy system register 
sets for row block 1363 (for blocks 0,1,2,3); and redundancy 
system register sets for row block 0364 (for blocks 0,1,2,3). 

Because of the insufficient capacity of the page buffer 
registers 351 to store all of the repair statuses indicated by the 
redundancy system register sets 361,362,363,364, the page 
buffer registers 351 store the repair statuses of a selected 
subset of the redundancy system register sets 361, 362,363, 
364. In one embodiment, the page buffer registers 351 store 
the repair statuses of one of the redundancy system register 
sets 361, 362. 363, 364. In another embodiment having a 
number of page buffer registers sufficient to store multiple 
row block of repair statuses for all the column blocks, but still 
insufficient to indicate the repair statuses of every row block 
ofevery column block, the page buffer registers 351 store the 
repair statuses of multiple ones but not all of the redundancy 
system register sets 361, 362,363,364. 

In another embodiment, the status registers are outside of 
the page buffer. 

FIG. 4 is a simple diagram showing the data structure of a 
register set which can be stored by the redundancy system 
shown in FIG. 2 or 3. 
A redundancy system register set 410 includes an enable 

flag 421, a row blockaddress 422, and a column address 423. 
After receipt by the integrated circuit of a memory instruc 
tion, the control circuitry identifies the row block address of 
the part of the memory array accessed by the received 
memory instruction. The row block address identified from 
the received memory instruction is compared with the row 
blockaddresses of the register sets in the redundancy system. 
All of the register sets in the redundancy system, which 
include a row block address that matches the row block 
address identified from the received memory instruction, are 
read from the redundancy system and stored into the page 
buffer registers in preparation to perform the received 
memory instruction. 

FIG. 5 is a simple block diagram illustrating how the page 
buffer registers remove repaired main columns from the 
results of a verify procedure. 
The page buffer 510 temporarily stores data which is pro 

grammed to, or read from, the memory array. Page buffer 
circuitry 520 includes the memory elements for storing the 
buffered data, and control circuitry of the page buffer. The 
page buffer 510 includes multiple repair units 531, 532, and 
533. The actual number of repair units corresponds to the 
number of columns which are verified at a time. The repair 
units 531, 532, and 533 include corresponding page buffer 
registers 541, 542, and 543; and corresponding switches 551, 
552, and 553. The page buffers registers 541, 542, and 543 
store values read from the redundancy system register sets, as 
explained in connection with FIG.3. Depending on the values 
stored in page buffer registers 541, 542, and 543, the switches 
551,552, and 553 are either open or closed. In the fashion, the 
result of a verify process either includes or excludes columns 
from a verify operation. A columns is excluded from a verify 
operation, if the accessed row block of the column has been 
repaired and replaced with the row block of a redundant 
column. 
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6 
The page buffer signals 561 communicate data with the 

memory array for data read from the array or programmed to 
the array, and with the redundancy system. The verify flag 562 
indicates whether the result of a verify process is either pass 
or fail. 

FIG. 6 is an example process flow of a memory operation 
using the reduced area of page buffer registers. 
At 610, a memory instruction is received at the integrated 

circuit, and the process flow begins. The memory instruction 
instructs the access of a particular row block. At 620, the 
memory operation Such as program or erase requires a Voltage 
which is outside the Supply Voltage range of the integrated 
circuit, so the high magnitude Voltage is setup. Such as with a 
charge pump. At this time, the page buffer registers are 
updated according to the redundancy system register sets, as 
discussed in connection with FIG.3. Although the page buffer 
register architecture of FIG. 3 has a smaller area cost versus 
the page buffer register architecture of FIG. 2, extra steps are 
required to update the page buffer registers with the repair 
statuses of the correct row block. However, such extra steps 
result in no extra latency or little extra latency, because the 
update is performed at least partly during the Voltage setup. At 
630, the memory operation Such as erase or program is per 
formed. At 640, a verify process is performed. Main columns 
are excluded from the verify process as specified by the repair 
statuses in the status memory, to exclude row blocks with 
defects. If the verify succeeds, the process flow ends 650. 
Otherwise, the process flow loops back to 620. 

FIG. 7 shows an integrated circuit 750 including a memory 
array 700. A word line and block select decoder 701 is 
coupled to, and in electrical communication with, a plurality 
702 of word lines, and arranged along rows in the memory 
array 700. A bit line decoder, page buffer, and sense amplifi 
ers 703 are coupled to and in electrical communication with a 
plurality of bit lines 704 arranged along columns in the 
memory array 700 for reading data from, and writing data to, 
the memory cells in the memory array 700. The status 
memory storing repair statuses for a particular row block is in 
the page buffer, or alternatively, outside of the page buffer. 
Addresses are supplied on bus 705 to the word line decoder 
and drivers 701 and to the bit line decoder, page buffer, and 
sense amplifiers 703. Data-in/out structures in block 706, 
including current sources for the read, program and erase 
modes, are coupled to the bit line decoder, page buffer, and 
sense amplifiers 703 via the bus 707. Data is supplied via the 
data-in line 711 from input/output ports on the integrated 
circuit 750, to the data-in/out structures in block 706. Data is 
supplied via the data-out line 715 from the data in/out struc 
tures in block 706 to input/output ports on the integrated 
circuit 750, or to other data destinations internal or external to 
the integrated circuit 750. A bias arrangement state machine 
is in circuitry 709, controlling biasing arrangement Supply 
voltages 708, in response to memory instructions received by 
the integrated circuit 750. The state machine 709 repairs 
multiple defects in the array with a redundant column, where 
defects include at least a first defect and a second defect in 
different main columns of the array. However, all of the 
multiple defects repaired by the same redundant column are 
not required to be in different main columns. Redundancy 
system 760 stores data about the repair statuses of the 
memory array columns divided into row blocks. The data of 
the redundancy system 760 is downloaded responsive to 
received memory instructions, and programmed to the status 
memory in 703. 

While the present invention is disclosed by reference to the 
preferred embodiments and examples detailed above, it is to 
be understood that these examples are intended in an illustra 
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tive rather than in a limiting sense. It is contemplated that 
modifications and combinations will readily occur to those 
skilled in the art, which modifications and combinations will 
be within the spirit of the invention and the scope of the 
following claims. 

What is claimed is: 
1. An integrated circuit, comprising: 
an array of memory cells arranged into: 

a plurality of rows; and 
a plurality of main columns coupled to a plurality of bit 

lines; 
a set of redundant columns for repairing the array, 

wherein the plurality of main columns and the set of 
redundant columns are divided into row blocks, and a 
particular one of the row blocks in one of the plurality 
of main columns is repairable by the particular one of 
the row blocks in one of the set of redundant columns; 

status memory coupled to the plurality of bit lines, the 
status memory indicating repair statuses of the repairs 
by the set of redundant columns; and 

control circuitry that, responsive to the integrated circuit 
receiving a command, performs an update on the status 
memory with the repair statuses of only a subset of the 
row blocks of the plurality of main columns. 

2. The integrated circuit of claim 1, 
wherein, the repair statuses in the update exclude particular 

ones of the row blocks outside a portion of the memory 
array accessed by the command. 

3. The integrated circuit of claim 1, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include the repairs 
in a portion of the memory array accessed by the com 
mand. 

4. The integrated circuit of claim 1, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include the repairs 
in a portion of the memory array accessed by the com 
mand, and 

wherein the control circuitry is responsive to the repair 
statuses by excluding the repaired main columns from a 
result of a memory verify procedure for the command. 

5. The integrated circuit of claim 1, 
wherein, the control circuitry performs the update at least 

partly during a setup time of a memory operation Voltage 
that exceeds a Supply Voltage range of the memory array. 

6. An integrated circuit, comprising: 
an array of memory cells arranged into: 

a plurality of rows; and 
a plurality of main columns coupled to a plurality of bit 

lines; 
a set of redundant columns, 
wherein the plurality of main columns and the set of redun 

dant columns are divided into row blocks, and a particu 
lar one of the row blocks in one of the plurality of main 
columns is repairable by the particular one of the row 
blocks in one of the set of redundant columns; and 

status memory coupled to the plurality of bit lines, the 
status memory indicating repair statuses of the plurality 
of main columns, the status memory having insufficient 
size to store the repair statuses of multiple ones of the 
row blocks of the plurality of main columns. 

7. The integrated circuit of claim 6, 
wherein the row blocks in any one of the set of redundant 

columns perform repairs in different main columns of 
the plurality of main columns, and 
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8 
wherein, the status memory does not include repair statuses 

of the row blocks outside a portion of the memory array 
accessed by a command received by the integrated cir 
cuit. 

8. The integrated circuit of claim 6, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include repairs in a 
portion of the memory array accessed by a command 
received by the integrated circuit. 

9. The integrated circuit of claim 6, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include defect in a 
portion of the memory array accessed by a command 
received by the integrated circuit, and 

the integrated circuit further comprises: 
control circuitry responsive to the repair statuses by 

excluding the repaired main columns from a result of a 
memory verify procedure for the command. 

10. The integrated circuit of claim 6, further comprising: 
control circuitry that performs an update on the status 
memory with the repair statuses specific to particular 
ones of the row blocks in a portion of the memory array 
accessed by a command, the update at least partly during 
a setup time of a memory operation Voltage that exceeds 
a Supply Voltage of the integrated circuit. 

11. A method, comprising: 
receiving a command for an array of memory cells includ 

ing a set of redundant columns in a plurality of main 
columns of the array, the plurality of main columns and 
the set of redundant columns being divided into row 
blocks, and a particular one of the row blocks in one of 
the plurality of main columns is repairable by the par 
ticular one of the row blocks in one of the set of redun 
dant columns; 

responsive to receiving the command, performing an 
update on a status memory coupled via a plurality of bit 
lines to the plurality of main columns of the array, the 
update including repair statuses of only a Subset of the 
row blocks of the plurality of main columns. 

12. The method of claim 11, 
wherein, the repair statuses in the update exclude particular 

ones of the row blocks outside a portion of the memory 
array accessed by the command. 

13. The method of claim 11, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include repairs in a 
portion of the memory array accessed by the command. 

14. The method of claim 11, 
wherein, the repair statuses identify repaired main columns 

in the plurality of main columns that include repairs in a 
portion of the memory array accessed by the command, 
and 

wherein responsive to the repair statuses identifying the 
repaired main columns, the repaired main columns are 
excluded from a result of a memory verify procedure for 
the command. 

15. The method of claim 11, 
wherein, the update is performed at least partly during a 

setup time of a memory operation Voltage that exceeds a 
Supply Voltage range of an integrated circuit including 
the array of memory cells. 

16. The method of claim 11, 
wherein the row blocks in any one of the set of redundant 

columns perform repairs in different main columns of 
the plurality of main columns. 
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17. The method of claim 11, 
wherein the row blocks in any one of the set of redundant 

columns perform repairs in different main columns of 
the plurality of main columns, and 

wherein, the status memory does not include repair statuses 5 
of the row blocks outside a portion of the memory array 
accessed by the command received by the integrated 
circuit. 

18. The method of claim 11, 
wherein, the update includes the repair statuses specific to 10 

particular ones of the row blocks in a portion of the 
memory array accessed by the command, the update at 
least partly during a setup time of a memory operation 
Voltage that exceeds a Supply Voltage range of an inte 
grated circuit including the array of memory cells. 15 

k k k k k 


